This provided a strong argument implicating immuItne complexes ofthe DNA:anti-DNA type in the pathogenesis of SLE. Since then, however, it has been recognized (2, 3) that DNA can be found in normal serumil, probably being released from leukocytes during the clotting process. Thus, reports on the existence of free or complexed DNA in SLE serum should be interpreted with ca'ution.
In normal or SLE plasma, the presence of DNA is still a matter of controversy. Early positive results obtained from normal plasma have been questioned by Steinman (3) on the l)asis of methodological arguments and he suggested that in plasma, amounts of DNA > 100 ng/ml could be considered pathological. Others, however, have found that the frequency of free circulating DNA is similar in SLE and in normal plasma (2) . According to a recent article regarding the detection of complexed DNA in plasma (4) , negative results were obtained with normals, while DNA could be detected in 7 of 11 SLE patients. Still other reports showed positive findings in normals (5) or largely negative results in SLE (6) .
Given the transmissibility of certain features of the disease in animal models of SLE (7, 8) , the characterization of the DNA circulating in human SLE could be important in the elucidation of its origin, whether endogenous or exogenous. We have therefore attempted the quantitation and characterization of normal and SLE plasma DNA after purification and in vitro labeling by the technique of nick translation. In this procedure, single-stranded nicks are introduced into DNA and they constitute binding sites for the DNA polymerase I of Escherichia coli. This enzyme, in the presence of the four deoxyribonucleoside stranded DNA; dXTP, deoxvribonucleoside 5-triphosphate; G + C, guanine + cytosine; OX174 (RFII), replicating form II of the bacteriophage (X174; SLE, systemic lupus erythematostus; ssDNA, single-strandled DNA. 5'-triphosphates (dXTP), will extend the 3'OH primer terminus with a simultaneous hydrolysis of the preexisting strand by the 5' to 3' exonuiclease activity, residing in a separate active site of the same enzyme (9) . Thus, when radioactive dXTP are used as substrates, one can label a DNA molecule at specific activities in excess of 108 cpm/,4g.
Based on this technique, we have found that DNA is normally present in human plasma and exists in much higher quantities in some untreated active SLE patients. Furthermore, we report a preliminary characterization of the properties ofthe nick-translated plasma DNA regarding its size and buoyant density in cesitum chloride (CsCI). As far as these properties are concerned, no difference could be found between normal or SLE plasma DNA.
METHODS
Nuicleic acid and enzymie preparations. Lambda-phage DNA, qX174 replicating form II (RFII) DNA, and E. coli ribosomal RNA were purchased from New England Biolabs, Beverly, Mass. Pancreatic DNAase I was purchased from Worthington Biochemical Corp., Freehold, N. J., pancreatic RNAase from Miles Laboratories, Inc., Elkhart, Ind., pronase from Sigma Chemical Co., St. Louis, Mo., and E. coli DNA polymerase I from Boehringer Mannheim Biochemicals, Indianapolis, Ind. (catalogue no. 104485, lot no. 1158124).
Preparation ofitn ViVo 32P-labeled HEp-2 cell DNA. HEp-2 cells were grown in monolayer cultures in Dulbecco modified Eagle's medium containing 10% calf serum. When the cells were 50% confluent, this medium was replaced by the same medium lacking phosphate ions and supplemented with 50 ,uCi/ml of [32P]orthophosphate (ICN Pharmaceuticals, Irvine, Calif., carrier free, specific activity 285 Ci/mg). 12 h later, the medium was discarded and the cells lysed by the addition of 20 mM Tris-HCI buffer, pH 8.5, 20 mM EDTA containing 1% sodium dodecyl sulfate per petri dish (-2 x 106 cells). The lysate was incubated with 2 mg/ml of pronase for 3 h at 37°C. Phenol extraction followed using redistilled phenol. Lipids were removed by chloroformisoamyl alcohol (24:1) extraction, and the preparation was dialyzed against 10 mM Tris-HCl buffer, pH 8.5, 1 mM EDTA. The purified 32P-labeled HEp-2 cell DNA was mixed with the blood sample and subjected to the same extraction procedure as plasma DNA, described below.
Preparation of in Viv( 3H-labeled adenovirus-2 DNA. The method described by Raptis et al. (10) Plasma collection. Blood was obtained atraumatically using heparinized syringes, and plasma was immediately separated by a double centrifugation for 20 min at 2,000 rpm and 4°C. From each individual subject, two blood samples of 10 ml each were collected. One was mixed directly in the syringe with a tracer amount (0.5 x 106 32P cpm) of in vivo labeled HEp-2 (human) cell DNA in 0.5 ml of saline, and the other blood sample was mixed with the saline alone. After plasma separation, the DNA from the latter sample was purified and labeled in vitro by nick translation as described below. The DNA from the former sample was purified in an identical manner and the [32P]HEp-2-cell DNA in this sample served as a marker for human DNA buoyant-density profile in CsCl equilibrium gradients.
Purification of plasma DNA. The last supernatant plasma (-5 ml) was diluted four times in 50 mM Tris-HCI buffer, pH 8.5, 20 mM EDTA containing 1% sodium dodecyl sulfate. 20 ml of the diluted plasma was mixed with 50 mg of selfdigested pronase and incubated for 4 h at 37°C. This was followed by sequential extractions with phenol, chloroformisoamyl alcohol (24:1), and ether. After extensive dialysis against 20 mM Tris-HCI buffer, pH 7.6, 10 mM NaCl, 5 mM EDTA, the extract was digested with 10 ,ug/ml of pancreatic RNAase at 37°C for 30 min. The RNAase stock had been previously heated at 80°C for 10 min in 1 mM acetate buffer, pH 4.5, in order to destroy any contaminating DNAases. Further purification followed by adsorption of the material onto a BND-cellulose column at a pH of 8.1 and a salt concentration of 300 mM NaCl, and elution in one step as a caffeine fraction (10) . After ethanol precipitation, the DNA pellet was resuspended in 100 ,ul of 10 mM Tris-HCI buffer, pH 7.6, 1 mM EDTA, and stored at -20°C until used. Similar results were obtained when the BND-cellulose step was omitted.
In vitro labeling of plasma DNA by nick translation. In preliminary trials, using X-phage DNA, nicks were introduced into the DNA by the addition of 10'6 /g/ml of DNAase I, but this step was later proven to be unnecessary. Presumably, the commercial E. coli DNA polymerase I preparation used contained some contaminant nicking activity. Thus, the conditions used for the nick translation reaction were (11): 50 mM Tris-HCl buffer, pH 7.6, 10 mM 2-mercaptoethanol, 5 mM MgCl2, and 50 ,g/ml bovine serum albumin (J. T. Baker Chemical Co., Phillipsburg, N. J.). The reaction was performed in a total volume of ul in siliconized polyethylene tubes containing 0.25 nmol of each of the four 3H-labeled dXTP per reaction. Depending on the exact specific activities of each, these quantities would correspond to -2.5, 5, 7, and 25 /LCi of dGTP, dATP, dCTP and dTTP, respectively (New England Nuclear). The quantities of the enzyme used were generally 1 U/reaction or 0.1 ul of the commercial preparation. Incubation followed for 3 h at 15°C. The reaction was stopped by the addition of 100 ,Cg/ml pronase, followed by a 1-h incubation at 37°C. The sample was subsequently extracted twice with redistilled phenol and the unincorporated dXTP were removed by Sephadex G-50 (fine) chromatography.
Neutral sucrose gradient sedimentation analysis. Simian virus forty (SV40) DNA was used as a marker for neutral sucrose gradient sedimentation analysis of the plasma DNA, which was performed as described (12) . Supercoiled (form I) SV40 DNA was purified by CsCI-ethidium bromide equilibrium centrifugation (13) , labeled in vitro by nick translation (11) using [32P]dXTP (New England Nuclear, specific activity 300-400 Ci/mmol), and linearized by cleavage with the EcoRI restriction endonuclease. The sedimentation coefficient of this DNA is 15S (14) . The plasma DNA, in vitro 3H-labeled by nick translation, was mixed with this marker and layered onto linear 5-20% sucrose gradients, made in 20 mM Tris-HCI buffer, pH 8.5, 2 mM EDTA, 0.5 M NaCI. The gradients wvere made in SB 405 tubes of a B-60 ultracentrifuge (IEC, Needhamii Hts., Mass.) and spun at 20°C for 2.5 h at 60,000 rpm. After the run, fractions were collected from the bottom of every tube and acid-precipitable 3H and 32P radioactivity determined on each.
CsCI equilibrininii cent-iftugatioi analysis. The buoyant density in neutral CsCl of the in vitro 3H-labeled plasma DNA xwas verified b1 equtilibriumil cenitrifuigation anlalvsis as described (10) . The density of the samiiple wvas adjusted to 1.699 g/ml, i.e., the density of mammalian DNA (15) , by the addition of solid CsCl (BDH Chemicals, Montr6al, Canada).
The preparationi was subsequently cenitrifuged to equilibriumil at 50,000 rpm for 50 h in the A321 rotor of a B-60 ultracenitrifuge (IEC). Gradient voluimiies were usually 2 ml. Fractions were collected from the bottom of every tube and acid-precipitable radioactivity was determinied on1 each.
RESULTS
Puirificatiotn of plasmia DNA. One of the important steps in the purification of free circulating DNA is the inactivation of the existing blood DNAases (16) . Therefore, the separation of blood cells from plasma was conducted immediately after bleeding, at 4°C. Inhibition of plasma DNAases was achieved by diltition of the plasma sample with a solution containing EDTA, sodium dodecyl sulfate, and self-digested pronase. In preliminary experiments, in vivo 3H-labeled adenovirus-2 DNA was added to the blood sample and stubse(uently extracted following the procedure for plasma DNA purification described in Methods. After purification, >80% of the initial radioactivity was recovered in an acid-precipitable form. Moreover, this DNA remained intact after the whole process, as evidenced by sucrose gradient sedimentation analysis.
Another important point in the extraction of circulating DNA is the prevention of cellular DNA liberation which may occur during clotting (2) . In agreement with the results from other laboratories (2, 3), two to three times more DNA was found in normal serum, than in plasma (not shown).
Labeling of plasma DNA by nick translation. In preliminary experiments, cold X-phage DNA was used to establish the optimal conditions for the reaction. The addition of 10-6 ,ug/ml of DNAase I in the nick translation mixture resulted in a slight increase of the acid-precipitable counts obtained (2.2 vs. 1.9 x 106 cpm for 0.1 jig of DNA substrate). Hovever, the addition of DNAase caused a considerable degradation of the final product, as revealed by sucrose gradient sedimentation analysis. When the DNAase was omitted, and the reaction conducted under the conditions described in Methods, using 0.1 ,ug of X DNA, the sedimentation profile denoted >90% intact X-phage DNA molecules.
The following control experiments were considered necessary: 1 Al (10 U) of the DNA polymerase I prepara- Finally, when the plasma sample was treated with pancreatic DNAase I (20 ug/ml, in the presence of 10 mM MgCl2 for 60 min at 370C) before the purification process, virtually no counts per minute were obtained in acid-precipitable form after nick translation. Therefore, there is little doubt that the material labeled by this method is sensitive to DNAase.
Quantitation of plasma DNA. The technique described above was used for DNA quantitation in a purified plasma DNA preparation, based on a standard curve of the counts per minute obtained as a function of the amount of X-phage DNA used in each nick translation reaction (Fig. 1) . There is an almost linear relationship from 0.01 to 0.1 gg of X phage DNA, whereas at higher levels of this substrate, a plateau is reached. This is presumably because the amounts Plasma DNA in Normals and Systemic Lupus Erythematosus (17) . This property was actually verified in our case: when normal or SLE plasma DNA, labeled by nick translation, was adsorbed onto a BND-cellulose column, >95% of the 3H-radioactivity could subsequently be eluted as the saline fraction, i.e., as dsDNA.
The size of the plasma DNA, after purification and nick translation labeling was estimated by neutral sucrose sedimentation analysis. As shown in Fig. 2 , the sedimentation profile of this DNA is similar, in both the normal and the SLE individuals, ranging in sedimentation coefficient from 6 to 8S. This would correspond to a molecular weight of 0.2-0.45 x 106 (18) . Similar profiles were obtained whether or not the SLE patients were clinically active and untreated.
The existence of a DNA molecular species, possessing a guanine + cytosine (G + C) content different from the one of human DNA, would be of particular interest. Therefore, in an attempt to obtain some information on the origin of the plasma DNA extracted, neutral CsCl equilibrium centrifugation analysis was (Table I) . Furthermore, characterization of this DNA in terms of buoyant density did not suggest an exogenous origin. Among the various techniques of in vitro labeling of DNA, nick translation was chosen because of its extreme sensitivity for the detection of DNA. As already mentioned, high specific activities were obtained under our conditions (2 x 107 cpm/,ug when 0.1 gg of DNA was used as substrate) and these values were apparently the same, regardless of the source of DNA being labeled (X phage, OX174 RFII, SV40 form I, or calf thymus DNA). Because of the reproducibility of the reference curve (Fig. 1 ) when DNA preparations of widely different origins are employed, this technique was considered appropriate for the quantitation of plasma DNA, provided a reference curve is constructed simultaneously and the reaction conditions remain strictly identical.
Our data regarding the quantitation of DNA in normal plasma are at variance with those of Steinman (3). According to this author, DNA was undetectable in normal plasma by using four different methods. The most sensitive of these (counterimmunoelectrophoresis) could detect 50 ng/ml of native DNA or 100 ng/ml of ssDNA, while our finding for normal plasma DNA is over 200 ng/ml. In agreement with his results, however, considerably higher amounts were found in the corresponding serum, possibly because of lysis of leukocytes during blood clotting (2, 3) .
In patients with chronic inflammatory diseases (4-11 in Table I ), the plasma DNA concentration was similar to that of normals. These patients had been selected because they had positive antinuclear antibody tests and a low serum dsDNA binding activity as determined by the Farr assay, using a DNA-antigen of a molecular weight comparable to that of the plasma DNA (12) . Furthermore, their disease had been therapeutically stabilized with gold salts for the rheumatoid patients, with antimalarial drugs and/or prednisone for the SLE patients, and with prednisone and azathioprine for the dermatomyositic patient. Thus, chronic administration of these drugs did not increase the amount of circulating plasma DNA. Only two newly diagnosed, active and untreated SLE patients (12 and 13 in Table I ) have been studied and both had a much higher concentration of plasma DNA. When studied, both had decreased C3 levels and elevated serum dsDNA binding activity (12) . Neither had central nervous system involvement, features suggestive of polyarteritis (19) , or any of the conditions reported to be associated with circulating plasma DNA (20) (21) (22) . One patient was studied sequentially. At the onset, the plasma DNA was 4,024 ng/ml and the serum dsDNA binding activity >90%. When stabilized 6 mo later, the values were 352 nglml and <20%, respectively.
The second part of our work deals with the characterization of the circulating plasma DNA. One of the intrinsic properties of a given DNA molecule is the G + C content. This may yield some information about its origin and can be determined from the molecule's buoyant density in CsCl (23) . The buoyant density of a nucleic acid molecule in a neutral CsCl solution depends mainly on three factors: the G + C content, the secondary structure, and the nature of the nucleotides present. The third factor would be excluded from consideration in this case, since the existence of abnormal bases would be unlikely and because of the RNAase treatment of the preparation before the labeling process, polyribonucleotides should not be present. Therefore, a further advantage of the nick translation labeling is the fact that the resulting DNA molecules are mostly double stranded, any existing gaps having been repaired by the enzyme (17) . This would permit a direct calculation of the G + C content, based on the buoyant density. Only single-stranded "tails" with a 3' end projecting can not be "filled in" by this enzyme ( BND-cellulose, one may assume that the reaction product is mostly dsDNA. In our work, the nicktranslated plasma DNA presented a prominent peak at a p of 1.699 g/ml, the predominant density of human DNA. This would correspond to a G + C content of 50% (15) . Because the molecular weight of the DNA extracted was much smaller than that of mammalian cell DNA, causing a considerable broadening of the peak, an extraneous DNA with a density similar to human DNA would not have been detected by this method. Similar conclusions regarding the provenance of SLE plasma DNA have been reported by Steinman (24), using equilibrium centrifugation and hybridization kinetics. The size of the plasma DNA, as estimated by sucrose gradient sedimentation analysis, presents a rather uniform profile. Again, the fact that the DNA is double stranded permits an estimation ofthe molecular weight based on the sedimentation coefficient (18) . Our data suggesting an average size of 500 base pairs compare well with those obtained recently with a similar method (4) but give a smaller figure than the data obtained by electron microscopy (5) .
As far as the actual source of this DNA is concerned, there is suggestive evidence that it originates from lysis of circulating nucleated cells (2, 3, 20) or of endothelial cells (19) . There are also several reports on DNA excreted in vitro by lymphocytes especially during mitogen stimulation (25) . Possible intracellular origins of the plasma DNA are nuclear, cytoplasmic, or membrane associated (26) . Once liberated, DNA molecules of various molecular weights are present in the blood (5) . Most of these (the larger ones ?) are cleared rapidly from the circulation to the reticuloendothelial system (27, 28) and/or cleaved by blood DNAases (16) to smaller molecular weight pieces which can be purified and labeled by our method. DNA is normally associated in the circulation with proteins (29, 30 ) that could possibly protect it from DNAase degradation (31, 32) or modify its clearance. These proteins appear to be either phase reactants, as suggested by the increased binding activity against ssDNA commonly observed in a variety of inflammatory states (12) or, under special circumstances, specific antibodies (32) . The uniformity in DNA size found here suggests a degree of protection from blood DNAases. In any case, the presence of circulating DNA in normal individuals would appear to be the result of a physiological process, the role of which (if any) is not clear.
Plasma DNA in Normals and Systemic Lupus Erythematosus C., CN CY) 1 Further elucidation of the properties of eirculatinig DNA anld the binding activity of the corresponding plasmaiii could provide some information on1 their physiological and pathogenic roles. As far as the characterization of this DNA is concerned, other in vitro labelinig techniques could be used in conjunction with nick translation. Indeed, one of the disadvantages of this method is the fact that the relative length or distribution of the sinigle-stranded regions cannot be sttidiecl. Nevertheless, the relative proportion of those, with an available 3'OH primer terminus, can be estimated by use of the Klenow subfraction of the DNA polymerase I (33) . This enzyme has the 5' to 3' DNA polymerase activity but not the 5' to 3' exonucleolytic one and is thus capable of performing a "gap filling" reaction exclusively. Other techni(ues that may prove useful involve the enzymes terminal transferase (34) or polynucleotide kinase (35) . Either of these may yieldI DNA molecuiles of unaltered properties although of much lower specific activities.
In conclusion, DNA circulates normlally in humani plasma. This DNA is of low molecular weight, possibly DNAase resistant to a certain extent and appears to be predominantly, if not essentially, of endogenous origin.. In SLE, it behaves as anl acute phase reactant. Whether this material has a role in the abnormal immu-ne regulation mostly found in the active phases of SLE and(l whether it is primarily or secondarily related to the tissue injury, are unanswered (luestions. 
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